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(54) CARBON ELECTRODBS 



(71) Wc, NIPPON CARBON CO., 
LTD., of 6—1, 2-chome, Hattfaobori, Chuo- 
ko, Toyko^ Japan, a J^q>anese body corporate 
do hei^y declare the invention, for which 
5 we pray that a patent may be granted to m, 
and tti mediod by whidi it is So be per- 
fonned, to be paiticuhily described in and 
by the following statement:-—' 
This invention relates to caibon electrodes 

10 and more paiticulariy to high-strength and 
^>alHng-resistant caibon electrodes for dectri- 
<^ furnaces wherein iron, sted and alloys are 
manufactured. 
The term ''carbon electrode" used herein 

15 is intended to mean non-graplntized and 
gn^hitized carbon elecoodes inchidii^ tiie 
dectrode bodies and nipples. 

It is well known that artificial graphite 
dectrodes aie used in eiectcic furnaces. How- 

20 cm, die tedmique of operating dectric fur- 
naces and the tedmique of producing artificial 
graphite have eadi been sn^noved, and diese 
improved tedmiques have had cSocts on each 
otiM^r. ^^th the recent increase <^ electric 

25 furnaces m scale and capacity, higher dectric 
power is affiled to caibon dectrodes used in 
the dectric furnaces and thermal and mech* 
anical impacts against die dectrodes are coi^ 
respondii^y higher; thus, it is required diat 

30 cadxm dectrodes be excellent in strength and 
resistance to ^railing. 

The kn{m>vement of caibon electrodes in 
strengdi and q)alling resistance is ont of the 
most important objectives whidi manufac- 

35 turers of caibon dectrodes are making efforts 
ito attain; on the other hand, the spalHng 
resistance of the caibon dectrodes is essenti- 
ally conflicting with the strength thereof. It 
is therefore not easy to obtain caibon dec- 

40 trodes v^ch are satisfactoiy in both of said 
properties. 

In attempts to solve the aforesaid problem, 
there has heietofore been proposed a process 
wherein the staitii^ matmal is specifically 
45 limited to needle cdce and also a process for 
impregnating caibon dectrodes obtained by 
bakiqg, with pitdi or tar in the moben state 



and then re-baking or graphitizing the thus- 
impregnated caibon dectrodes. However, 
these proposed processes are not expeaed to 50 
improve the resulting caibon electrodes in 
properties to an extent exceeding a certain 
limited hig^ extent For example, when using 
sudh caibon dectrodes as produced by said 
known processes, it will be impossfl>le to 55 
reduce significantly possible breakage of the 
electrode bodies, sockets and nipples for the 
decdode bodies, possible loosening of the 
screws used in connecting the bodies and 
nipples possibly caused during the operation 60 
of the furnace. In addition, the former one 
of said known processes is disadvantageous in 
that such neectte coke is usually limited in 
amount available and the latter one is also 
disadvanti^eous in that the rd>aking or 65 
grairiutization after m^regnation with f»tch 
in the molten state requires an additional 
processing stage whereby the total time re- 
r .fred to obtain the produa is lengthened. In 
additicMS, since said proposed processes can- 70 
not perfectiy eliminate die creation of voids 
In the caibon dectrodes to be obtained nor do 
diey perfecdy fill the voids with a suitable 
material, it would not be expected tiiat they 
improve the resulting caibon dectrodes in 75 
properties by more than a piedeteimined 
amount 

There has recentiy been reported a process 
for the production of strengthened caibon 
dectrodes by incorporating caibon fibers in 80 
caibonaceous material and baking the result- 
ing mixture to reinforce the caibonaceous 
material witii the caibon fibers. The strength- 
ened caibon dectrodes so produced have 
higher strength than carbon electrodes pre- 85 
pared by filling the voids o[ caibon electrodes 
obtained by baking, with pitch or tar and then 
re-baking die carbon decm)des so filled; since, 
however, said strengthened caibon electrodes 
contain the caibon fibers, th^ have the fol- 90 
'lowing dis^antages. 

(1) The strengthened caibon dectrodes are 
expensive because of the presence of the 
aucbon fibers therein which are obtaaned by 
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^^^o!^^ mgaoic fibers prQ>ared by ^noning 
pdtyaay^xmtnley rayon or pitch at a idativ^ 
low temperature sudi as 200** — 400*C to 
make tiiem qj^S)^^ non-fusSde (sd>- 
5 stanttiaUy fire-iesistaiit), foitfaer headng the 
ihas^xygiemxsd fibers to d>out 1400^C to 
caxbomze them and, if desired, stOl further 
heating ibe ifaus-caibonized &m to a high 
temperatuxe i^ to 3000**C to graphkize tbem 
10 tbcn^ yielding caibon filers at a veiy hi^ 
cost Inciixred by using the man^ steps as 
mentioned Above. 

(2) The caibon fibers axe broken into 
smaDer lengths than the ordinal by a vicdent 

15 kneading action under whidi cofa^ a Under 
and the carbon Aers are kneaded together, 
whereby the caxbcHi fibers so broken do not 
provMe die resulting caibcm electrodes widi 
such strength as expected from die original 

20 caibon fibm. 

(3) When baking said kneaded mixture 
after having been diaped, die caibon &m 
will behave themsdves in a remaikably differ- 
ent manner than die cdoe and binder, that is, 

25 the former will not diange in shape and com- 
podtion while die latter will decompose and 
dirink. Therefore, the catbon fibers will not 
be contained in the baked shaped body in 
secure adhesion rehdon with die odier in- 

30 gredloits, resulting in ronarkably impairing 
the teinfoictng effea of the caibon fibers. As 
previously mendoned, die caibon electrodes 
used herem con^rise the electrode bodies and 
nipples for the ccmnecdon theiectf, both of them 

35 being made usuafiy of die ss^ne caibon* 

(4) The caibon fibers arc unsadsfaaocy in 
adheaon to other materials and th^ may be 
somevriiat improved although to a lunited 
eiten^ by being surface treated; however, 

40 those so surface treated incur an increased 
production cost 

According to the present invendon there is 
provided a process for pr^Nuing caibon efec- 
trodes^ which process aunprises the steps of: 

45 mixing 100 parts by weight of a caibon- 
aceous material and 0.5 — 10 parts by weight 
of nonnfu^le fibers, 1 — 25 mm long and 
5 — ^15 .um in diameter, die non-fusible fibers 
being obtained by oxygenating organic fibers 

50 to make at least the surface thereof non- 
fus≤ 

incorporating the thus-foimed mixture with 
15 — 40 parts by wd^t of a binder; 
kneading the whole mass; 
55 shapbg die thus-kneaded mass into green 
caibon electrodes; and 

baking the green caibon electrodes at a 
temperature sufficiently hi^ to caibcmise them 
thereby to prq>are the desired caibon dec- 
60 trodes. 

We have found that if nonnfus&le, that is 
oiq/genttedy oiganic fibers obtained by heat- 
iog starting organic fibers to a ounparativdy 
low temperature to render them non-fusfcle 
65 or fixe-resistant^ are kneaded with carbon- 



aceous material such as ctdce.and a binder to 
tarn, a mixture which was shaped and then 
baked to oltfain a caibon dectrod^ then the 
startEDg oiganic ffi)ers will mit be broken and 
torn elf and thdr ordinal length is tetamed 70* 
even in the step c( kneading. The shaped 
mixture can be baked at 700''^1400** C to 
ifom noai-^ra|rfudzed caibon Bbas or» i^ 
desired furdi^ baked at 2^100''— 3000X to 
form graphidased caibon fibers (die torn 75 
"caibcm &cn^ being heretnjrfter mtended to 
mean non-gr^dutized and grai^tized caibon 
fibers^ m die step of bakmg. The non-fiisible 
oiganic Bbm aie .relativdy similar m com- 
posidon to the starting or A nginal ones and ^ 
they evolve dierefrom nitn^en^ oxygen, hydro- 
gen and the like in the f<mn of low molecular- 
wdg^ compounds durii^ their decomposidon 
for thdr carbonization in the baking stq>. 
Since the non-fuable organic fibers are car- 85 
bonized at a catboniziiig ten^)erature a^mxxi- 
mate to that at which the starting c^bon- 
aoeous materia and bind^ decompose and 
shrink in die baking step, diese diree kinds of 
the materia are dos^ bonded together into ^ 
a body i^ter die baking resulting in the pro- 
ducdon of a high-strength carbon dectrode. 

Since die tarry material evdved fnun the 
aon-fus&le organic fibers by dea>mposidon 
dierecrf is very compat9>le widi that evolved 95 
frran die binder, co<aiboiuzadon yidds a 
baked body or <^ibon electrode wh^ein the 
caibon fibers produced by conversion of the 
non-fos3de &ers in die baking step are 
securdy bonded to the surroundmg materiate ^00 
whCT^ the caibon dectrode is further 
strengthened. 

Hie mm-fuabte oiganic fibers are produced 
by a known process which comprises heating 
organk high mokcular-wdght 'Bbm obtained 105 
by qiinmng pd^pacrylouitrile, rayon or pitch, 
at a ocHiqiiaradvdy low temperature of not 
hi^ier than AbO^C, e.g. at a tempeiatuie of 
200— 400**C The use of a tenq)erature higher 
dian 400*^0 will result in die production of 
caibon fibers 'vdiich lack flexftitity and tend to 
be broken in the mizmg and imp^im^ steps. 

T;^icai of the previously mendoned oxgamc 
£i>ers as a starting material for caibon fibers 
are those ^ high mdecular-^weight matoial 115 
ha^ng 85% by wei^ of a pdyacrylonitrile 
which is produced by a usial mediod and 
include a homopolymtt of acrylonitrile» a co- 
pdymer of acrylonitrye widi i^er monomers 
cqx>^^nerizable therewidi, and a grafted co- 
polymer aayionitrile. 

The non-^fusiHe pofyaoylonitiile &ers may 
be obta^ed by heating the starting pdyaoylo- 
niti^e ffl>eiSy widiout or stksr immersion 
thereof in an aqueous solution of an oxide such 125 
as potassium permanganate or bichromate for 
a time suffident to afiow die fibers so diange 
from yellow to brown-ydtow in color, to 
350^C or lower for at least 10 minutes in 
oxklizmg 9tmo2itere such as air, a gaseous 130 
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halogei^ Qzyg^ azone or gaseous mtiic acid. 
It is deniable that die starting fibers be 
he«ed «o 200*~300-C for 2—5 hours when 
tb^ aie to be heated in air witfaam the 
5 prelimisazy osidiziQg treatment as men- 
tioned above 'and <faat the staiting Gbcis be 
heated tt> .206*— 300^C for 30—60 mimrtes 
when ihey axe to be heated in air after the 
prdiininacy o^ddizing treatment It is also 

10 desirable that when heated in the oxidizing 
atnoqyhm^ the startii^ fibers be prevented 
from ^shrinking while stretclang them under 
tensian so that a stretching ratio (ratio of 
lengdi after stretch to diat (Ihe original) 

15 before stretdi) of 1 to 1.7 is obtained. 

The previous^ mentioned pitdi 3>er5 may 
be obtained by melr spinmng at 300® — ^500**C 
petroleum pitch, oosd. tar pitchy natural 
aqxhak, a i^-like material zvmlMt imn 

20 cetcam industrial fields as a py^roduct^ or a 
specrfc pitch produced by dry distSHng a Wgh 
molecular-we^t material such as pdyvmyl 
ddoride or polyacrylonitrile at 300'*-'-400*'G 
to convert tbs high molecular-weight material 

25 to the specie pitch coitfauiing carbon and 
hydrogen, the speci& pitch havli^ a carbon 
content of 91*— ^5% by wei^t and an averse 
molecular weight of at kast 400. 
The non-liisible pkA fibers may he ob- 

30 tained by ozygeiBitmg the startii^ pitch &m 
at 300'C or lower for at least 10 nunutes in 
an oxidizin g atmo^hete of air, oxygen, ozme 
or nitrogen oxides. It is derin^le that when 
the starting |»ccfa S3bm are to be oxygenated 

35 in air, <hey should be treated widi ozcoe at 
40^— 70*C for 2—5 hours before being 
heated m air at 200**— 260**C for 5—20 
hours. 

The previiously mentioned rayon fibers may 
40 prcfer^ly be n^enerated cdlulose fibers such 
as TOCTse or acetate rayon fibers wherein the 
raym has a pol^nertzatron d^ree of at least 
450. 

The non-fiisible rayon Bbers may be ob- 

45 tained by heating the sorting rayon fibers to 
200*^--4O0'*C for 10—20 hours in a non- 
oxidizing atmosphere of nitrogen, argon or 
heliimi or by heating ihe same to 200° — 
400**C for 1—10 hours in an atmo^here con- 

50 taining 1—20% by volume oi hydrogen chtor- 
ide togedier with nitrogen, argon or hdium. 

Among the iKm-fus9)le Sbets which may be 
tised in die process of Ae mvendon, those of 
polyacryhmitrile origib are pardcuiarly pre- 

55 ferred in view of dieir excellent strength and 
flexibility. They have a tensile strength of 
10—20 Kg/mm* which is 2 — ^10 times h^er 
than those of non-polyacrylonitrile ori^ and 
tend less to be broken or torn off particularly 

60 in the mixing and kneading steps. In addition, 
as comj»xed with the non-fussble non-poly- 
acrylomtrtle fibers, the non-fus9>le poly- 
acrylonitrile fibers are in satisfactoiy graph- 
iti2^ form and are advantageous in that the 

65 graphitized carbon dectrodes oomaining ihem 



•have low intrinsic electrical reastance and 
low diermal a^ansion coefficient 

The optimum amoimt of the non-fusible 
organic fibers added varies depcnduig both 
upon the kind and amount of a carbonaceous 70 
material and binder used and \xpon the proper, 
ties of tixe non-fus2>le fibers. With an increase 
of die amount of non-fusible fibers added, the 
resulting carbon dectrodes will gradually in- 
crease in strength; however, die addition of 75 
the fibers in an amount of more than 10% 
by weight of the carbonaceous material will 
exh&it no further reinforcbg effects and the 
additi(m thereof in an amount of 0.5— 5y 
by weight is preferable. ' BO 

The particle size of the carbonaceous 
material such as petroleum coke is preferably 
m Ae range of from 12.7 mm to 200 mesh 
or finer (the mesh standard being the Tyler 
SiCTc Series dmm^out this specification). 85 

The aumrc of the starting materials ac- 
cording to this mvention may preferably com- 
prise by weighs 100 parts of the carbon- 
aceous material such as petroleum coke, 0.5 

10 parts of tile nwi-fusible organic fibers sirch 90 
as nm-fiisible polyacrytonitrile fibers and 
15—40 parts of the bmder such as coal tar 
pttcn. 

As previously mentioned, according to this 
inventton, the oon-fus3>le organic i^^ers are 95 
irot broken with the original aze being re- 
tained fax the stop of loieading witii carbon- 
aceous material and a binder to form a mix- 
ture, and the non-fusa>le organic fibers and 
the carbonacecms material in particulate form 100 
may be bloided together usually for 60 
minutes or less. If tiie WencKng is effected not 
by a low speed mixer, such as Warner, Ribbon 
or Drum type one, having rotation vanes 
capable of routdng at a peripheral vdocity 105 
of as low as 20--60 metres/minute, but by 
a high speed mixer, such as Hensdiel mixer 
manufactured by Henschd Company in West 
Germany, having rotation vanes c^>^le of 
rotating at a peripheral velocity of as high 110 
as 5—50 metres/second, then die mixing will 

be completed to a satisfactory extent in 5 15 

niinutes. The pacfcii^ density varies dqiend- 
ing on the kind and particle size of the 
starting materials and it is difikult to uni- 115 
f ormty disperse and mix the rough partides 
and fine particles of the carbcnaceous mater- 
ial widi die non-fu^le Aers by the use <rf 
such conventional low speed mixer. Because 
of tiiis, the lesuhing carbon dectrodes wiU 120 
tend to have cavhies and fine cracks therein 
thereby makir^ it difikult to obtain oMnpact 
aiKi homogeneous carbon dectrodes. To solve 
diis problem, it is desirable to employ such 
a high speed moer as mentioned above. It 125 
has been amfirmed that the use of die hi^ 
speed mixer having agitation vanes rotatable 
at a peripheral vdodty of 5—50 metres/ 
second en^es the roug^ and fine paitides 
and die fibers to be mixed togedier in a fluid- 130 
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state thereby obtaimi^ a thmugbl^ 

miaed and homogeneous mixture; The use <^ 
I perii^ieral veloaqr of kwer than 5 metres/ 



wiH tsat adAk a sadsfactoiy disper- 
sion of the starting materials, ^diile the use of 
a perqdiecal vedbcity ttf hi^er than 50 
metres/seomd will undem^abfy fuhrerize die 
roug}! p^des and die 
The mixed partides obtained by masmg 
10 and <^^>ersing the particulate caibonaceous 
material and the non-^&iable fibers^ ior ex- 
ample by die use of the h^;h speed mixer, 
are ina>ipomed with die binder to f<»m a 
mixture whidi is kneadfid, shap^ and baked 
15 for caxbcmization 4^ gr^hmzadiML The 
amount of the bmder so incorpoFated may be 
demflyffd by 3 — 10% by wd^ of die vAuAt 
mass. Thus in the hestidng stap^ the vdadle 
ingredient are evolved in a smaK amount and 
20 the denstficad<m of the resulting product and 
the i mp t ove meitt in the intemal structure of 
the product may be easily attained. The 
gr^^ite axtides obtamed ^ the process of 
fhw invendcm u^ng the hig^ speed mixing 
25 and kneaduig are 10—20% iilc^ in bulk 
qiedfe: gravity, 15—30% lower in intnnoc 
resistance and 10—50% higher in bending 
strei^diy than the Gouvemaonal gr^^te 
aiddes. Hig^ speed mixers which may pre- 
30 ferafbly be used for high speed mixing, indude 
Hensdid mixers and super precision high 
speed nmeis; it is desirable to ^ect die shape 
of the agitating vanes of the mixers for further 
better mixing. The mixture so fomied is 
35 ^ped and b^ed to caxbraoize the non-fustble 
fibers simultaneously with the cazbonizatdon 
of the carbonaceous material and binder. In 
the baking step, the non-fusible organic Sbers 
decompose at a tenH>erature approximate^ 
40 that at which the carbonaceous material and 
binder decompose while the tarry compounds 
evolved from these three kinds of the mater- 
ials are soluble in each other and carbonized, 
whereby the caibon fibers produced by the 
45 carbonizadon of the non-^sible fibers are 
securely bonded to the surrounding material 
in the shaped body, thus yiddkg high- 
strengdi caibon dectxodes with the use of less 
heat and labour. 
50 Tins invendon will be better understood by 
the following non-lknkadve Exan^tes where- 
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Exan^les 1 — 2, and 
Comparadve example 1, 55 
N(»Di-fosMe oiganic fibers, 5 nmi long and 
10 ^ in diameter, prepared by heating 
organic fbm conasti^g of a bundle of 6000 
ij-denier monofilaments of a rean omtain- 
ing 93 wt.% polyaayionitrile (the monofila- 60 
ment having a dry strei^:th of 5 grams/denier 
and an ek^^adon of 16%), in air at 200^ — 
300^C for 3 hours while stretdung die oiganic 
fibers at a stretching rado of 1.2 to form non- 
fu^e fibers in a bundle '^ch were then cut 65 
into the jMece^ 5 mm long and 10 ,fun in 
diam^er. Eadi of 0.5 parts and 1 part of die 
non-fudble fibeis so pr^xoed was blended 
with 35 parts of pulverized and sieved pet- 
roleum coke having a 14 — 4R mesh size, 60 70 
parts of the same pulverized cckc having not 
greater dian a 200 mesh size and 5 parts of 
pulverized art^fi c ifl l graphite. The wh^e mass 
was nqixed <m a Henschd mixer having agitat- 
ing vanes rtnadng at a perq^eral ^)eed of 75 
40 m/sec for 10 minutes and transferred to 
a Warner type kneader where it was incoipor- 
ated widi 26 .parts of medium pitch (soften- 
mg point, ST'^C) and dien kneaded at 150'C 
for one hour. The mixtures so kneaded were 80 
sh^q;)ed respectively into rods^ 10^ in diar 
meter and 1500 mm long, by the use of an 
eKtxusi(Mi press. The rods so obtained were 
placed in a bakuqg furnace where they were 
baked at a temi>erature which was gradually 85 
raised firom ambient temperature to 700^0 in 
220 hours, and they were dien <ransf erred into 
an dectric graphitizing furnace where they 
were heated up to about 3000*^0 fw gr^- 
dzadon. The thus-graphidzed rods were 90 
cooled and cut into c^xs, 20 nimX20 mmX 
100 mm, as test pieces. Tbe test pieces were 
tested for didr properties wbkh are shown in 
T*!e 1. 

For comparison, graphitized rods were pre- 95 
pared in the same maimer as in Examples 1 
and 2 except dutt the non-fusible oiganic 
fibers were not used and they were dien cut 
into cubes havii^ the same size as those in 
Examples 1 and 2. The comparadve test 100 
pieces were subjected ^to die same test as above 
with the result being also shown in Table 1. 
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TABLE 1 





Example 1 


Example 2 


Comparative 
example 1 


Amount of non-fusible 
fibeis added 


0.5 


I 


0 


Bulk specific gravity 


1-73 


1.73 


1.72 


Bending stiength 
aCfr'cm^ 


250 


270 


220 


SpedHc resistance 

(xio;^ a.cm) 


67 


63 


74 



From TaWe 1 at is apparent that the addi- 
tion of the non-f u^Ue fibers resulted in the 
production of carbon electrodes having im- 
5 proved pioperdes. 

Esan^le 3, and 
Comparative examples 3. 
One part of non-fuAle orgamc fibers^ 10 
nm long and 10 «m in dianeter, prepared in 

in die same manner as in Example 1 or 2, and 
<Mie part of carbon ffl>ers, 10 mm long and 
5 ^ in diameter, prqraied by bearing the 
same non-fusible organic fibers as above to 
1300**C in a nrtrogwi gas atmo^here for 10 

15 seconds and then cutting the resulting carbon 
fibers, were each added to a blend of 35 parts 
of pttlverizwi and sieved petn^cum ccte 
liscvwg a 14—48 mesh size, 60 parts of the 
same coke having a size of 200 mesh or finer 

20 and 5 parts of pulverized artifidal graphite, to 
form a mature yMdi was mixed for 20 
minutes cm a Henschel mixer having agitating 
vanes rotating at a peripheral velocity of 40 
m/sec., incwporated with 26 parts of medium 

25 pitch (softening point* 87**C) and kneaded at 
15d*C for one hour. The kneaded mixtures 
so obtained were subsequently treated in the 
sfling! maimer as in Example 1 to prepare test 
pieces of the same size. The test pieces so 

30 pr^md were tested for their prtqierties in 
the ssne manner as previously mentioned and 
die resiihs are «hown in Table 2. 

In Comparative sample 2 the procedure 
of Pmmple 3 was f oUowed except tiiac carbon 



fibers were substituted for the non-fusible 
organic fibers and in Comparative example 3 
the procedure of Exan^le 3 was repeated 
except that none of the carbon fibers and non- 
fusS>le organic fibers were used, to obtain in 
each Comparative example a graphite product 
from whidi were made tea graphite pieces 
living the same size as those in Exam{^ 3- 
The test pieces so made were tested for their 
properties witii the results being mdicated in 
Table 2. 

From T^le 2 it is appreciated that the 
addition of the non^fusible fibers resulted in 
die production of carbon electrodes having 
improved properties. 



35 



40 



45 



Comparative cxsmgk 4. 
The sartii^ materials having the same com- 
position as those used in Example 3 were 
mixed and kneaded together for 50 minutes in 
a low speed mixer the agitating vanes of 
which romted at a peripheral velocity of 1 
m/sec, with tiic r^ult that a sscdiaCzcsy 
t niyifig and kneading was not obtained. There- 
fore, the subsequent qperati^ms were not car. 
riedout. 

The carbon products of this invention may 
be used not onfy as carbon electrodes but also 
as nipi^es wkhout any {roubles even though 
tii^ are those which were prepared without 
being subjected to additional treamients such 
as intch impregnati<m and re-baking or 
graf^xitization after baldng unlike the conven- 
tional cadxm products. 



50 



55 



60 



65 
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TABLE 2 





Example 3 


Comparative 
example 2 


Comparative 
example 3 


Kind' of (ibftrfi adHetl 


Non~fusible 
fibers 


Carbon fibers 


.None 


Amount of fibers added 


1 


1 


0 


Bulk specific gravity 
of test pieces 


l.Tl 


1.71 


1.72 


Bending strength of test 
pieces (Kg/cm*) 


260 


240 


215 


Specific resistance of 
test pieces (xlO^ (Lcm) 


64 


75 


73 



10 



15 



20 



Examples 4 — ^5, and 
Comparison ezan^le 5. 

Non-^isible &xxs (tensile ^rei^^tli, 19 
Kg/mm*) consisting of 18000 polvaoylo- 
nitrile filanents havii^ a 10 ium diameter, 
prepared in ti^ same manner as in Example 
1, were passed through a batii coittaining 
medium pitch softening point (87**C) in 
molten state and passed between two rollers 
to remove the excess pitch carried on die 
fiben thei^y obtaining a bundle of the fibers 
coated with the pitch in an amount of about 
300% of iht original Bbm, The thus coated 
fibers were cooled and cut into gnailW fibers 
of dxmt 10 mm m lei^gdL 

One part of and 3 parts (in eadt cas^ the 
amount of fibers only, tsxept for the amount 
of pitch coated) of ^ sniaUex fibers so 6b- 
tallied were each added to a mixture contain- 
intg 50 parts of petroleum cata having a 



partide aze of 0.50--0.15 nm and 50 parts 
of the same coke the 60% of wWch is not 
larger than 0.074 mm in partide size to f oim 
a mixture which was then blended. The two 
mixtures so blended were eadi inanporaliBd 
with 32 parts of medhm pitch (fioAeoiDg 
point 87^C). The ^de mass was taifudgd 
for 50 minutes and then eztrusioa molded 
into shaped bodies having a size of 10^ dia- 
metcrX 1500 mm whSsh were balced^ inqneg- 
nated with pitch and xebaked (the impi^na- 
tion and rebakmg being effected twxc^ res- 
pectivdjr) at 2700*'C or higher thecdjy ob- 
tained gr^tized caibon electrodes. The 
properties of tiie products are in 
T^ 3. 

For con^sarison, the |»ocedure of Example 
4 was followed except that the ncm^fiisible 
fibers are not added to obtain comparsoive 
graphitized caibon ekctrodes. The properties 
of the products are diown in Table 3. 
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TABLE 3 





Example 4 


Example 5 


Comparative 
example 5 


Amount of fibers added 


1 


3 


0 


Bulk specific gravity 


1.73 


1.71 


1.75 


Specific resistance 
{xlQ-'Q.cnd 


41 


42 


42 


Bending strength (Kg/ cm*) 


270 


290 


250 


Modulus of elasticity (Kg/nun^ 


1470 


1480 


1450 


Thermal expansion coefQdent 
(KTV^Q 


1.00 


0,90 


* 1.10 



7 



7 



Notes to Table 4 : 

Furnace capacity SOtonnes, Tiansfonner capacity 22 megavolt ampeies, 

Secondaiy current 40 kiloamperes. Load applied 20 megawatts. 

The results of practical tests on the nipples are as follows: 

Percentage of nipples broken^ 1 in Example 4 

0 in Example 5 
5 in Comparative example 5 
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ExaiD^ric 6 and 
Compaia&vc example 6* 

One part (tfae amount of Gbtrs only, excefX 
for die intch coated) of the same smaller 
non-fusible fibers, 10 mm long, as those of 
Bssanpie 4 was added to a blend of 50 parts 
of petrol^mi coke having a (Kirtide size of 
1 — 0.50 mm and 50 parts of the same coke 
wherein 60% of tfae coke has a pardde size 
of not faiger than'0.074 mm to form a mix- 
tuie wfaidi was mixed, incoicpofated with 28 



parts of medium pitch (softening point 87*0) 
and kneaded for 50 minutes. vdmle mass 
so kneaded was extrusion molded into , shaped 
bo^es having a size of HOT diameterX6' 
whidi were bal»d at SOO^'C and then fiiidxer 
baked at 2700''C or higjier theridiy to obtain 
gtaphitized carbon elec&odes. The pn^)erdes 
of the products are Indicated in T^le 4. 

For comparison, the procedure of Example 
6 was followed except that tfae non-fus9>le 
Bbcts axe not a^ed. Hie properties of the 
{HTDducts axe diown in Table 4. 
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TABLE 4 





Example 6 


Comparative 
example 6 


Amount of fibers added (%) 


1 


0 


Bulk specific gravity • 


1.58 


1.60 


Specific resistance (x 10^ Q.cm) 


75 


80 


Bending strength (Kg/cm^ 


110 


90 


Modulus of elasticity (Kg/nun^ 


610 


590 


Thermal expansion coefficient 
(X 10*V^Q 


1.2 


1.3 



The results of practical tests are as follows: 

Percentage of electrode pole sockets broken: zero in Example 6 

3 in Comparative 
example 6 
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WHAT WE CLAIM IS:— 
1. A piocess for pcqMiing caxbon elec- 
trodes, whkfa process comprises the stq)s of: 

mixing 100 parts by weig^ of a carbon- 
aceous material and OJ — 10 parts by weight 
of nonnfusible fibers, 1 — 25 mm long and 
5 — 15 Mm in diameter, the non-fiisible fibers 
being obtained by oxygniadng oigamc &>m 



to make at least the surface thereof non- 
fiis≤ 35 

incorporating the thus-formed mixture with 
15 — 40 parts by weight of a binder; 

kneading the whde mass; 

^[laping the tfaus-kneaded mass into green 
carbon electrodes; and 40 

baking tfae green carbon electrodes at a 
temperature sufficiently high to carbonise them 
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thereby to piepaxe the desiied caibon dec- 
tnxles. 

2. A process aoonding to claim 1, whetein 
the oxygenatmg is effedDed at a temperatuze 

5 of 200— 400^C 

3. A process aooordtng to dium 1 or 2, 
^diereizi the bakmg is ^ected ^ a tempera- 
ture of 700— 1400*»C 

4. A process according to daim 1 or 2, 
10 Rrherein die baking is effected at a tempera- 
ture sufficient^ high to graphitise the green 
carbon electrodes. 

5. A proc^ according to daim 4, wherein 
bakmg is effected at a temperature of 

15 2400— 3000*<1 

6. A process according to any fueceding 
daisi, wherem the carbonaceous nxateriai and 
the nonr4fusibIe fibers are mixed for 5 to 15 
minutes in a hi^ speed mixer haviQg vanes 

20 oqiable of rotating at a peripheral vdocity 
of 5 to 50 metres/second. 

7. A process according to any preceding 
daim, wherein the caxbonaoeous mateiiai 
comprises coioe; 

25 8. A process accordu^ 4x> any preceding 
daim, wherein the oiganic fkum are com- 
prised of polyaaylonitiile. 

9. A process according to any one of 
daims 1 to 7^ wherein the organic fibers are 

30 comprised of pitch. 

10. A process according to any one of 
claims 1 to 7, wherein die organic fibers axe 
comprised of rayon. 

11. A process aca»ding to any preceding 
35 caun, wherein OS — ^5 parts by wdg^t of non- 

fusi)le fibers are mixed with the caibonace- 
ous mateiiaL 

12. A process according to any preceding 
daun, wherein die Undar is comprised it 

40 pitdi. 



13. A process accosding <to say one of 
ckims 1 to 11, wfaoein the bhider is com- 
prised tar. 

14. A process according to any cme of 
daims 1 to 11, wherein tibe binder is com- 45 
prised of a syndiedc resin. 

15. A process according to any preceding 
daim, wherein tl^ n(m-^usK>le fibers bein^ in 
an amount of 1 to 3 parts by weigl^ and ate 
provMed with a coating of pitdi before being 50 
cut to length, ^ amount of the coated Gbexs 
being detennmed m the dismce of the 
coadng. 

16. A process accmiing to daim 15, 
wherein t^bs proportixoi of binder is from 28 55 
to 32 parts 4^ weight. / 

17. A process for pr^aring <3ibon elec- 
trodes according to daim 1 and substantially 
ashereinbefoxedesccfted. 

18. A process for preparing carbon dec- ^ 
trodes aooording to daim 1 and sdbstandally 

as described in ai^ one of the forgoing 
T^BRtwplesv 

19. Gudwn electrodes made by a {nocess 
acconHn^ to any preceding d^. ^ 
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